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Abstract 
Erosion rate studies conducted in volcanic islands bring key information about landscape dynamics and also for risk assessment 
and management policies. In this study we discuss how inadequate characterization of soils in volcanic island could lead to an 
underestimation of cosmogenic 3He erosion rates inferred from river sediments. Measurements in the Matatia basin (Tahiti) show 
that detrital olivine provides an average erosion rate of 252±37 t/km2/yr in good agreement with the erosion rate of 310±9 
t/km2/yr inferred from initial topography reconstruction. Additional measurements along the river allowed us to locate the zones 
of fastest erosional. However, soils olivine abundance measurements in the Matatia basin are planned in order to better constrain 
erosion rates inferred from cosmogenic 3He measurements in detrital olivine, and in order to quantify catastrophic erosion 
processes like landslide, rock falls etc. 
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1. Introduction 
The concentration of cosmogenic nuclides in detrital river sediments has been widely used to investigate 
relationships between erosion rates and relief [1–5] and climate [6]. Several studies have been conducted on volcanic 
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island because their dissected topographies give them the potential to reveal much about landscape dynamic [1,6,7]. 
The importance of erosion rate studies on volcanic island is augmented by societal concerns over impacts of 
erosional sediment fluxes on coral reefs, pollution, and hazard risk and management.  
On volcanic islands, the best mineral (when available) for cosmogenic erosion rate estimation is olivine since it 
allows measurement of cosmogenic 3He (3Hec). But, with the highest weathering potential index, olivine is 
considered to be the least stable of silicate minerals and is rapidly weathered in soils [8–11]. Ideally, in order to 
properly estimate average cosmogenic erosion rates from detrital olivine, soil characterization would need to be 
conducted over the entire studied drainage area. Unfortunately, in most of the cases, field accessibility impedes such 
characterization.  
In this paper, we test the necessity of soil characterization by discussing erosion rates estimated from 3Hec 
concentration of detrital olivine from the Matatia watershed (Tahiti) without soil measurements. First we compare 
the cosmogenic erosion rate with erosion rate inferred from pre-erosional topography reconstruction. Then, we 
discuss cosmogenic erosion rates under different hypothetical scenarios regarding olivine depletion in soils. 
2. Results 
2.1. 3Hec erosion rates (~10 to ~100 ka timescale). 
Three samples of river sediments have been collected at three locations along the Matatia River (Tahiti-Nui) (Fig. 
1). The Matatia River flows on the olivine-rich main shield of the Tahiti Nui volcano (that comprises basaltic aa 
flows [12]), and each sample contains abundant olivine grains. 3Hec concentrations have been calculated using 
standard laboratory procedure[1,6,13]: (i) Helium concentrations and ratios of 4 aliquots of ~800 handpicked olivine 
grains (1-2mm) were measured at IPGP on a Nu Noblesse mass spectrometer. (ii) The radiogenic 4He components 
were calculated from ICP-MS measurements of U, Th and Sm concentrations in the olivine and (iii) the nucleogenic 
3He components were calculated from major and trace elements compositions of the watershed bedrocks [6,14]. 
Finally, 3Hec were calculated by correcting the total 3He concentrations for the non-cosmogenic components. 
From 3Hec concentrations measured in well mixed river sediment, steady state maximum erosion rates () are 
given by Equation (1) [15]: 
 
             (1) 
 
Where P0 (at/g/yr) is the 3Hec production rate averaged over the drainage area, N (at/g) the 3Hec concentration and 
Λ the attenuation path length for neutron flux (160 g/cm2) [15,16].  
 
Table 1. 3Hec concentrations and erosion rates (). Ma4_av represents the average of  Ma4_1 and Ma4_2. Production rates 
were calculated using a production rate at sea level and high latitude of 121±11 at/g/a , scaling factor of Stone corrected for 
topographic masking. [17,18] 
Sample [3Hec ] 
105 at/g 
Prod. Rate 
 (at/g/yr) 
3Hec  
(t/km2) 
Ma4_1 6.98±0.54 118±10 270±31 
Ma4_2 8.01±1.25 118±10 236±42 
Ma4_av 7.50±0.90 118±10 252±37 
Ma3 1.77±0.77 122±11 1105±491 
Ma1 4.44±0.46 135±10 487±62 
 
From our measured 3Hec concentrations, we calculate an average cosmogenic erosion rate of 252±37 t/km2/yr 
over the Matatia watershed. In the two sub-basins upstream, average erosion rates range from 487±62  t/km2/yr to 
1105±491 t/km2/yr (Table 1). 
256   E. Gayer et al. /  Procedia Earth and Planetary Science  10 ( 2014 )  254 – 259 
2.2.  Erosion rate from initial topography reconstruction (~100 ka to 1 Ma timescale) 
    The Matatia basin results from the fluvial incision of the well preserved western flank of the Tahiti Nui main 
shield-volcano [19]. In order to constrain the pre-erosional topography of the Matatia basin and estimate the eroded 
volume, we used the minimally eroded interfluve ridges in a 5 m digital elevation model (DEM) similar to the 
approach used by [6,7]. The resulting eroded volume of 0.73 km3 is in good agreement with the volume of 0.60 km3 
calculated by [19] using the pre-erosion geometry of the main shield-volcano. Given an age of 0.87±0.02 Ma for the 
initial topography (lower bound of the main shield stage activity [12]), a catchment surface area of 8.2 km2 and a 
basalt density of 3 g/cm3 we calculate a basin average erosion rate of 310±9 t/km2/yr. 
 
                               
Fig. 1. Area of study. The Matatia basin (upstream Ma4) is represented with the 5 m DEM in UTM coordinates. The black line represents the 
Ma1 upstream area; the black dashed line represents the Ma3 upstream area. 3Hec erosion rates are presented in solid arrows, erosion rates 
inferred from pre-erosional surface in dashed arrow (t/km2/yr). 
 
3. Discussion 
For verification, we measured two different aliquots (same number of grain) from the sediment sample collected 
at the mouth of the basin (Ma4 Fig. 1). 3Hec concentration and erosion rates of the two aliquots (Ma4_1 and Ma4_2 
Table 1) are in good agreement suggesting that the sediments are well mixed, and that aliquots of ~800 olivine 
grains are enough to average the individuals grain concentrations. We use the average concentration of these two 
aliquots to estimate the erosion rate over the Matatia basin (Ma4_av Table 1).  
Under the assumption that, in the Matatia basin, (i) erosion proceeds at a steady incremental rate at the hillslope 
surface, and (ii) sediments source is uniformly distributed throughout the basins, we calculate an average erosion 
rate of 252±37 t/km2/yr over the drainage area. This cosmogenic erosion rate is in good agreement with the erosion 
rate of 310±9 t/km2/yr inferred from the initial topography reconstruction (also in good agreement with the 257 
t/km2/yr in [19]) suggesting that 3Hec in detrital olivine reflects long term erosion over the drainage area. 
 However, without any information regarding soil distribution or soil thickness, alternative scenarios in which 
olivine is not uniformly distributed within the basin need to be explored. For example it is conceivable that soils 
developed on gentle slopes would contribute little olivine to the sampled stream sediment. It is also conceivable that 
soils developed on gentle slopes would last longer than ones located on steeper slopes; because olivine weathering is 
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time dependent, such soils would provide even less olivine to the river sediment. Considering the latest scenario we 
calculate new average production rates over the Matatia basin. The derived erosion rates diverge by only 3% at the 
mouth of the basin and up to 10% upstream where sub-basins have steeper slopes. These small differences suggest 
that in the Matatia basin the slope effect does not change erosion rate estimates. As another hypothetical scenario it 
is also conceivable that soil would not deliver any olivine. In this extreme scenario, fresh olivine would be derived 
from material at variable depth by catastrophic, deep-seated erosion events. Equation (1) would then overestimate 
the true erosion rate. Without measurements of soil olivine abundance over the Matatia basin it is difficult to 
evaluate this scenario. However, it is possible to calculate production rates at the base of hypothetical soils. 
Considering a soil thickness of 10, 50 and 100 cm over the entire basin with no olivine, new erosion rates would 
drop by 17, 38 and 56% respectively. These extreme scenario consequences on erosion rates estimates remind the 
need for soil characterization when using 3Hec in detrital olivine. However, the lack of olivine in soils would happen 
in particular cases like plateaus undergoing high precipitation rates (where soils would last over ~10 ka e.g. Kauai 
[1,6,11]) which is unlikely the case in the Matatia basin (where the volcano flank presents a constant slope of ~11 
degrees). We note that the source problem as mentioned here is not specific to 3Hec in detrital olivine but is general 
to the use of cosmogenic nuclides in river sediments (e.g.,[20,21]). 
Finally, the 3Hec concentration in olivine can also be used to map erosion distribution or erosion processes over 
drainage areas. In the Matatia basin, high erosion rates are located upstream with a maximum between Ma3 and 
Ma1 (Fig.1). The drop in 3Hec concentration between these two sites can be interpreted, either as an increase of the 
rate at which material is steadily eroded (and then be estimated, Table 1) or as a change in the erosion process, 
where catastrophic events would bring deep material with low 3Hec concentration to the river. Further investigations 
are planned to characterize soils in this area. Such combination between olivine abundance measurements in soil and 
3Hec concentration measurements in river sediment would allow (i) to characterize erosion processes (creeping vs. 
catastrophic events) and (ii) to quantify erosion from catastrophic events. 
4. Conclusion 
    The measurements presented here show that in the Matatia basin, 3Hec millennial erosion rate is consistent with 
the multi millennial, long-term erosion rate inferred from initial topography reconstruction. This agreement 
demonstrates the validity of 3Hec erosion rates inferred from detrital olivine. However because of the high 
weathering potential of olivine, soil characterization is necessary to better constrain such cosmogenic erosion rates, 
even if the lack of olivine in the Matatia soil is unlikely. In addition, because of this weathering potential of olivine, 
the combination between (i) measurements of soil olivine abundances and soil thickness, and (ii) measurements of 
3Hec concentrations in detrital olivine should allow to study and quantify erosion derived from catastrophic events. 
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Appendix A. Helium measurements and calculations 
Table 1A. Non-cosmogenic components. Bedrock ages have been calculated from [12]. 
 Samples 
147Sm 
ppm 
232Th 
ppm 
3238U 
ppm 
Bedrock  
Age (Ma) 
4He Radiogenic 
1010 at/g 
7Li 
ppm 
3He Nuclogenic 
at/g 
Ma4_1 0.0107 0.0052 0.0067 1.85 4.82 2.90 27750 
Ma4_2 0.0208 0.0051 0.0114 1.85 7.72 2.99 28675 
Ma3 0.0130 0.0069 0.0073 1.87 5.50 2.99 28611 
Ma1 0.0129 0.0064 0.0097 1.47 5.41 3.07 22987 
        
 
 
Table 2A. Helium concentration and ratio measured from crushing and heating. 
 Samples 
4He Heating 
1010at/g  
R/Ra 
Heating 
3He Heating 
106at/g 
R/Ra 
Crushing 
3He Magmatic 
105at/g 
Ma4_1 7.02±0.02 11.02±0.52 1.07±0.05 6.27±0.32 3.65±0.18 
Ma4_2 15.31±0.04 8.42±0.54 1.78±0.11 6.56±0.35 9.66±052 
Ma3 8.52±0.05 5.45±0.64 0.64±0.07 6.21±0.18 4.49±0.14 
Ma1 6.01±0.04 7.43±0.52 0.62±0.04 5.96±0.59 1.57±0.16 
      
 
Appendix B. Pre-erosional topography reconstruction 
 
Fig. 1B. A) Topography of the Matatia Basin. Black points show the location of the interfluve ridges used for reconstruction. B) Pre-erosional 
topography of the Matatia basin after reconstruction using a B-spline interpolation method (SAGA GIS software). 
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